Mouse interferon preparations inhibited the multiplication of mouse leukemia L 1210 cells cultivated under steady-state conditions in a chemostat. The use of this sensitive and controlled system led to the detection of a rapid inhibition in the incorporation of [3Hithymidine into cellular acid-precipitable material 2 hr after the addition of interferon, whereas an effect on cell multiplication was not detected until 22 hr later. Interferon exerted only a transitory effect on the incorporation of [3H]uridine into acid-precipitable material and no effect on the incorporation of '4C-amino acids into cellular protein. It is suggested that the chemostat offers many advantages for the investigation of those physiologic factors or chemotherapeutic substances that modify cell division.
Interferon preparations have been shown to inhibit the multiplication of tumor and normal cells in vitro (1) (2) (3) . Understanding of the mechanisms of inhibition of cell division in conventional cell culture is often difficult, since the environmental conditions change continuously with cell multiplication. However, in the chemostat cell multiplication occurs at a constant rate and in a constant environment. The steadystate cell concentration is controlled by the concentration of a single growth-limiting component of the medium, and the cell growth rate is controlled by the rate of supply of this component to the culture. Although the chemostat has been used extensively in the study of bacterial physiology (4, 5) , most attempts to cultivate animal cells in a chemostat have met with only partial success (6) (7) (8) (9) , and thus the chemostat has not been used heretofore in studies of animal cell multiplication. Based on the previous work of one of us (10) , we have cultivated mouse leukemia L 1210 cells under glucose limitation in a chemostat. (A detailed account of this work will be presented elsewhere.) We describe herein the use of this sensitive and controlled system for the study of the effect of interferon on cell multiplication.
MATERIALS AND METHODS
Tissue Culture. Mouse leukemia L 1210 cells were cultivated in Eagle's minimal essential medium (Eurobio, France) supplemented with 10% heat-inactivated horse serum (Gibco, New York). Glucose-limited medium was prepared by reducing the concentration of glucose in Eagle's medium from 2.0 to 1.0 mg/ml. The resulting change in tonicity was compensated by adjusting the NaCl concentration. Cells were counted in a hemocytometer using the trypan blue dye exclusion test to determine viability. The L 1210 cells were repeatedly tested and shown to be free of mycoplasma.
Abbreviation: NDV, Newcastle disease virus. * This article is no. X of the series "Interferon and Cell Division." Article IX is ref. 16. 2265 Chemostat Culture. The apparatus used for the continuous culture of mouse L 1210 cells was based on the small chemostat previously described (8, 10) . Two cultures vessels of 145 ml and 300 ml working volume were used in this investigation. The dilution rate (D) is defined as the quotient: medium flow rate (ml/day)/culture volume (ml). (11) .
Interferon Production and Assay. Interferon was prepared from suspension cultures of mouse sarcoma C243-3 cells (13) inoculated with Newcastle disease virus (NDV). The methods of production and partial purification of the interferon have previously been described (14) . Mock addition to the inflowing medium to maintain a concentration of 6000 units/ml for the duration of the experiment. When the steady-state cell concentration was established at a dilution rate of 0.30 days-', the first significant decrease in cell concentration was observed 24 hr after addition of interferon ( Fig. 1) , whereas an effect was observed 12 hr after addition .of interferon to steady-state cell cultures established at a dilution rate of 0.693 days-' (Fig. 2) . There was no increase in the number of dead cells until 50-72 hr after contact with interferon. The total cell concentration decreased progressively in the ensuing 9 days. Towards the tenth day the total cell concentration increased despite the continued presence of interferon in the medium. These cells were found to be resistant to interferon and eventually became established at a new steady-state. [The emergence of interferon-resistant L 1210 cells in batch cultures of interferon-treated cells has previously been reported (2, 16 Interferon treatment did not affect the incorporation of 14C-labeled amino acids into cellular protein at either dilution rate ( Figs. 1 and 2 ).
Evidence that interferon is the factor responsible for the effects observed Confidence that the effects observed were due to interferon stems from (1) the use of interferon preparations of high specific activity (107 reference units/mg of protein), (2) mock interferon, prepared and purified in the same manner as the interferon, exerted no effect on steady-state cultures of L 1210 cells, (3) interferon had no detectable effect on steady-state cultures of a clone of L 1210 cells (2, 16) selected for resistance to interferon (Fig. 3) . DISCUSSION We have previously reported that interferon inhibits the multiplication of L 1210 cells in conventional batch culture (1) (2) (3) . It is difficult however, in the continuously changing environment of batch culture (i.e., depletion of nutrients, production of metabolites, pH changes, etc.), to distinguish between those events that lead to inhibition of cell multiplication and events that accompany the decreased rate of cell division as cells enter the "stationary phase." Use of the chemostat obviates these difficulties, since under steady-state conditions cell concentration is maintained constant, while cell multiplication proceeds exponentially for as long as desired.
The results of the experiments presented herein show that interferon does inhibit the multiplication of mouse leukemia L 1210 cells cultivated in the chemostat under the controlled conditions of steady-state growth. Moreover, use of the chemostat has enabled us to detect an inhibition in the incor- pool was small and equilibrated rapidlyso that small changes in pool size could result in a relatively large change in the synthesis of DNA (18) (19) (20) .
Our results suggest that the effect of interferon on thymidine incorporation may be a selective effect (rather than a nonspecific action of interferon, for example, on the cell membrane), since interferon exerted only a transitory effect on the incorporation of ['H]uridine (no effect was seen on the uptake of ['H]uridine into the acid-soluble pool), and no effect was observed on the incorporation of "4C-amino acids into cellular protein. The absence of an effect on protein synthesis in L 1210 cells cultivated in the chemostat is in contrast to our previous findings (12) , and those of others (21) , using conventional cell cultures. However, as we have pointed out previously, inhibition of some macromolecular synthesis in batch culture may occur pari passu with the decreased rate of cell division and then would not be observed under the steady-state conditions of the chemostat.
We have used the chemostat to study the effect of interferon on cell multiplication, but we believe that this sensitive and controlled system offers many advantages in the investigation of those physiologic factors or chemotherapeutic substances that modify cell division. 
